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ABSTRACT 
Multi-phase converter inherits numerous advantages, namely superior fault 
tolerance, lower per-leg power rating and higher degree of freedom in control. With 
these advantages, this thesis proposes an improved space vector modulation (SVM) 
technique to enhance the ac-to-ac power conversion capability of the multi-phase 
matrix converter. The work is set to achieve two objectives. First is to improve the 
SVM of a three-to-seven phase single end matrix converter by reducing number of 
space vector combinations. Second is to use the active vector of the SVM to eliminate 
the common-mode voltage due to the heterogeneous switching combination of a dual 
three-to-five phase matrix converter. In the first part, the proposed technique utilizes 
only 129 out of 2,187 possible active space vectors. With the reduction, the SVM 
switching sequence is greatly simplified and the execution time is shortened. Despite 
this, no significant degradation in the output and the input waveform quality is 
observed from the MATLAB/Simulink simulation and the hardware prototype. The 
results show that the output voltage can reach up to 76.93% of the input voltage, which 
is the maximum physical limit of a three-to-seven phase matrix converter. In addition, 
the total harmonics distortion (THD) for the output voltage is measured to be below 
5% over the operating frequency range of 0.1 Hz to 300 Hz. For the second part, the 
common-mode voltage elimination is based on the cancellation of the resultant vectors 
(that causes the common-mode to be formed), using a specially derived active vectors 
of the dual matrix converter. The elimination strategy is coupled with the ability to 
control the input power factor to unity. The proposed concept is verified by the 
MATLAB/Simulink simulation and is validated using a 5 kW three-to-five phase 
matrix converter prototype. The SVM switching algorithm itself is implemented on a 
dSPACE-1006 digital signal processor platform. The results prove that the common-
mode voltage is successfully eliminated from the five-phase induction motor winding. 
Furthermore, the output phase voltage is boosted up to 150% of the input voltage in 
linear modulation range. 
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ABSTRAK 
 
Penukar pelbagai fasa memiliki beberapa kelebihan iaitu bertoleransi tinggi 
terhadap kesilapan, mempunyai kadar kuasa yang rendah bagi setiap fasa dan tahap 
kebebasan yang tinggi dalam sistem kawalan. Dengan kelebihan-kelebihan ini, tesis 
ini mencadangkan penambahbaikan dalam teknik modulasi vektor ruang (SVM) untuk 
meningkatkan keupayaan penukar kuasa ac-to-ac untuk penukar matriks pelbagai 
fasa. Projek ini menetapkan untuk mencapai dua objektif. Pertama untuk 
menambahbaik SVM bagi penukar matriks tunggal tiga-ke-tujuh fasa dengan 
mengurangkan bilangan gabungan vektor ruang. Kedua ialah untuk menggunakan 
vektor aktif SVM untuk menyahkan voltan mod sepunya akibat daripada 
ketidakseragaman pengsuisan daripada sebuah penukar dwi-matriks tiga-ke-lima fasa. 
Dalam bahagian pertama, teknik yang dicadangkan menggunakan hanya 129 daripada 
2,187 vektor ruang yang aktif. Oleh kerana pengurangan vektor yang besar, maka 
aturan pengsuisan SVM dapat dipermudahkan dan masa pemprosesan algoritma dapat 
diringkaskan. Walaupun bilangan vektor aktif dikurangkan dengan banyaknya, kualiti 
gelombang input dan output tidak terjejas seperti yang terbukti dari simulasi 
MATLAB/Simulink dan prototaip perkakasan. Keputusan menunjukkan bahawa 
voltan output boleh mencecah sehingga 76.93% daripada voltan input, yang mana 
adalah limit fizikal bagi penukar matriks tiga-ke-tujuh fasa. Tambahan pula, herotan 
harmoniks total (THD) bagi voltan output diukur di bawah 5% dalam julat frekuensi 
0.1 Hz ke 300 Hz. Bagi bahagian yang kedua, penghapusan voltan mod sepunya 
adalah berdasarkan penyahan vektor paduan dengan menggunakan vektor aktif khusus 
yang terhasil daripada penukar dwi-matriks. Strategi penghapusan disertakan dengan 
keupayaan untuk mengawal faktor kuasa masukan kepada uniti. Konsep yang 
dicadangkan disahkan dengan simulasi MATLAB/Simulink dan dibuktikan 
menggunakan sebuah prototaip 5 kW penukar matriks tiga-ke-lima fasa. Algoritma 
pengsuisan SVM itu sendiri diimplementasikan oleh pemprosesan isyarat signal 
digital dSPACE-1006. Keputusan menunjukkan bahawa voltan mod sepunya berjaya 
dihapuskan daripada lilitan motor berinduksi lima fasa. Tambahan lagi, fasa voltan 
output dinaikkan ke 150% daripada voltan input di dalam julat modulasi linear.
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CHAPTER 1 
INTRODUCTION 
1.1 Overview of Multi-phase Matrix Converter 
Matrix converter is a direct ac-to-ac power converter which allows power flow 
in two directions. This functionality is achieved by the aid of fully controlled 
semiconductor switches, arranged in a form of matrix array. Nowadays, matrix 
converter is steadily gaining popularity and is considered as a reliable future 
alternative to the more established voltage source inverter, for a number of reasons. 
Firstly, it does not require an intermediate (dc link) energy storage element. Secondly, 
regardless of any load, the input power factor can be fully controlled at any instant. 
Thirdly, it has an inherent four-quadrant operation mode, which enables for a fast and 
flexible performance—particularly for motor drive applications. Some of the practical 
applications of the converter are multi-phase drives for aircraft, marine applications, 
electric vehicles and on-board traction propulsion systems. 
 The most common matrix converter is the three-phase (input) to three-phase 
(output) [1-2] configuration. This topology is mainly utilized for the traditional 
variable speed drive [2-4]. Notwithstanding the widespread usage of the three-phase 
based system, there is a growing interest for multi-phase (more than three phases) 
converter for certain niche applications [5-14]. The multi-phase systems inherit 
numerous advantages; these include the higher degree of freedom in control, greater 
system redundancy (thus greater fault tolerance) and lower per-leg converter rating. 
Furthermore, the operation of the multi-phase motor is quieter and it allows for an 
independent control of two or more series/parallel connected motors [5-7].   
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 The voltage-source inverter is the most widely used in the multi-phase motor 
drive. Despite its popularity, it does not allow for a reversible power flow due to the 
uncontrollable diode bridge rectifier at the input stage. Furthermore, it is based on a 
two-stage conversion process, with an energy storage element in between the stages. 
Hence its efficiency is greatly compromised. For certain application that requires 
reversed power flow (e.g. dynamic braking), a resistor is provided at the dc link to 
dissipate the power. An alternative to the voltage-source inverter is the voltage source 
back-to-back converter (VSBBC). This topology uses a controlled rectifier at the input 
stage, feeding a conventional inverter with multi-phase output. The major advantage 
of the VSBBC is that it offers a bidirectional power flow with almost the same number 
of power switches as the voltage-source inverter. However, it is still considered as a 
two-stage power converter, as the input and the output converters are coupled with a 
dc link capacitor. 
 In contrast, the matrix converter is considered as a direct ac-to-ac power 
conversion, i.e. without intermediate energy storage element. The absence of the dc 
link capacitor decreases its footprint and improves the system lifetime. Moreover, the 
matrix converter is essentially a single stage converter with an inherent quasi three-
level property. This characteristic enables all the three instantaneous line-to-line input 
voltages to appear at the output voltages simultaneously. As far as per switch 
conduction current is concerned, the matrix converter is lower; thus it is better suited 
for high current, low-frequency as well as start-up applications. Above all, the power 
density and the power-to-mass ratio of the matrix converter is significantly higher than 
the voltage-source inverter or the VSBBC for a wide range of switching frequencies 
[15-18].    
1.2 Modulation Techniques for Multi-phase Matrix Converter  
Modulation is the switching strategy imposed on the power switches to 
efficiently transfer the power from the input to the load. The effectiveness of the 
modulation methods is measured based on several objectives: 1) to obtain the highest 
value of fundamental voltage for a given input, 2) to minimize the number of switching 
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instants in order to achieve certain output waveform quality, 2) to be able to maintain 
zero displacement angle between the input voltage and the current (unity power 
factor). For a given converter topology, these objectives may contradict; hence the 
necessary compromises.  
 Despite the numerous merits of the multi-phase matrix converter, little 
attention is given to the advancement of its modulation strategy. Whilst there exists 
quite a number of modulation techniques developed for the multi-phase voltage-
source inverter [5-7] and the VSBBC [19-21], there appears to be very limited 
(similar) work carried out on the multi-phase matrix converter. To date, most of the 
established modulation strategies for matrix converter are based on the carrier-based 
PWM—primarily the sinusoidal PWM (SPWM) switching strategies [11-14, 22-23]. 
Besides these, there are several work on the matrix converter involving the space 
vector modulation (SVM) for motor drives [24-29] and distributed generation [30-31] 
applications. The SVM is more adaptable for digital implementation because the 
switching angles are formulated by simple vector calculations. It has freedom to 
generate independent gating signals at low modulation ratio and its performance is 
superior than the carrier based PWM [33-34]. Furthermore, the SVM can be utilized 
to achieve different control goals such as fault tolerance, common mode voltage 
elimination and switching frequency reduction [32]. In addition, it also exhibits better 
harmonic profile, which is particularly advantageous for high power converters.  
 Several variations of the SVM have been utilized for three-to-three phase 
matrix converter [24-29]. Recently, the SVM has been implemented in a three-to-five 
phase matrix converter too [10]. Despite these successes, there is no attempt to apply 
the SVM to a matrix converter with five phases or more. The main advantage of using 
a higher number of phases is the reduction in pulsating torque (ripple). The lower 
pulsation results in smoother machine operation, lower oscillation, reduced 
mechanical fatigue and acoustic noise. Additionally, the rotor harmonic currents 
losses are lessened, due to the reduced power drawn by the motor. There are several 
works on the SVM for the three-to-three phase matrix converter, but they are only 
limited to single ended motor drives [35-40]. It would be interesting if these converters 
can be applied to open-end motors as well. 
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1.3 Issues on Common-mode Voltage  
For a motor that is fed by the pulse width modulated switching converters, the 
common-mode voltage is bound to be formulated at the output. The-common-mode 
voltage is detrimental and has been identified as a main source of premature motor 
failures [41-43]. It is also known to cause overvoltage stress to the winding 
insulation—affecting its lifetime and contributes to a host of EMI-related problems. 
Furthermore, the presence of high frequency common-mode voltage component with 
large magnitude at the motor neutral point, generates high frequency leakage current 
to ground path, as well as induced shaft voltage [41].  
There are numerous efforts to reduce or eliminate the common-mode voltage 
in the three- and five-phase motor drives [44-48]. Expectedly, most of them are related 
to the conventional voltage-source inverter. A high frequency AC-link with single 
stage bidirectional power electronic transformer is used to suppress the common-mode 
voltage at the load end [49]. In [50], a hybrid 81-level multilevel voltage-source 
inverter that implements space vector modulation (SVM) to eliminate the common-
mode voltage in the three-phase drive is proposed, while in [51], the zero vectors of 
the SVM are used. In another work [52], a hybrid PWM is proposed to reduce the 
bearing currents, shaft voltage and common-mode voltage in a dual voltage-source 
inverter-fed, three-phase open-end motor drive. In [53], two SVM switching 
techniques with common-mode voltage reduction capability are described for a five-
phase, and in [54] the algorithm is enhanced by allowing for over-modulation. A two-
level voltage-source inverter feeding a five-phase drive to eliminate the common-
mode voltage is investigated in [55]; it is based on the vector space decomposition 
concept. A carrier based PWM scheme to eliminate the common-mode voltage in five-
phase and six-phase voltage-source inverter-fed drive with open-end stator winding 
are proposed in [56, 57]. In [58-59], various SVM techniques are applied to multi-
level voltage-source inverter with multi-phase open-end winding drive topologies. 
The interest in the dual open-end drive is due to the fact that it can deliver much higher 
power than the single ended type. 
Despite extensive works on three-phase as well as multi-phase voltage-source 
inverter drives [50-59], little attention is given to the common-mode voltage 
5 
 
 
 
elimination for multi-phase matrix converter. This is crucial because one of the factor 
to increase reliability of the drive system is to eliminate the circulating common-mode 
current, which is the consequence of the common-mode voltage. However, there are 
some effort and works in that directions, but mostly they are focused on the three-
phase matrix converter. For example, authors in [60] have applied a predictive control 
to reduce the common-mode voltage in the three-phase system, which results in a 50% 
increase in the overall efficiency. Recently, several contributions on common-mode 
voltage mitigation [61-69] are reported on square-type matrix converter1 open-end 
drive system. In general, the objective of such work is two-fold: 1) to eliminate the 
common-mode voltage across the windings of the open-end motor and 2) to increase 
the output voltage range by extending the linear modulation range.  
 
1.4 Problem Statements 
In view of the literary gap and considering the clear advantages of higher 
number of output phases, this work attempts to utilize the SVM for the multi-phase 
matrix converter with a higher number of phase e.g. seven. The main problem of the 
SVM implementation for the higher phases is the large number of switching states that 
must be considered. Thus one of the challenges of this work is to reduce the number 
of switching vectors to a manageable level. This in turn, will decrease the execution 
time, thereby increasing the efficiency of the algorithm. Notwithstanding the fewer 
switching states, the modulation must exhibit an improvement or at least maintain the 
harmonic profile, compared to the carrier based PWM. Furthermore, the SVM should 
be able to generate a balanced sinusoidal input currents with unity power factor—both 
at high and low output frequency. This is a major concern in matrix converter, as it is 
quite difficult to achieve sinusoidal input current with controllable power factor. 
Another issue to be addressed by this work is the elimination of the common-
mode voltage from the output of the matrix converter. Note that, for the case of the 
                                                 
1Square matrix converter means 3 × 3 or 5 × 5 or n × n phase. In other words, the input is multiple of output or vice versa. 
Non-square matrix converter means number of input and output phases are different in the form of n×m, where n and m are not 
multiple of each other. 
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square-type matrix converter, the common-mode voltage is readily eliminated by 
utilizing the rotating vectors [61-69]. In particular, for the three-to-three phase matrix 
converter, all the different input phases correspond to all the three output phases’ 
positions, thus actively nullifying the instantaneous common-mode voltage. This is 
because, ideally, the sum of the voltages formed by the input-output rotating vectors 
at the motor terminal at any instant is always zero. On the contrary, for the non-square 
matrix converter (since the number of input phases differ from the output phases), it 
is not possible to take advantage of the same rotating vectors, as the input-output space 
vector positions are always asymmetrical. This situation is known as heterogeneous 
switching. However, there are opportunities for the common-mode voltage to be 
eliminated by applying ingenious modulation techniques. One possibility to be 
explored is to introduce appropriate active vectors in the SVM switching sequence. 
1.5 Objective of the Research 
The proposed research work has the following specific objectives:  
 
1) To develop an improved SVM modulation strategy for the three-to-seven 
matrix converter. The desirable features of  the proposed technique is the reduction of 
the SVM switching states and improved harmonic profile compared to the carrier 
based PWM. Furthermore, the proposed SVM is able to generate a balanced sinusoidal 
input currents with a near unity power factor—both at high and low output 
frequencies. 
 
2)  To eliminate the common-mode voltage across the windings of the open-end 
motor by using the active vectors. The common-mode voltage elimination must also 
be coupled with the ability to control the input power factor to unity. Furthermore, the 
use of dual open-end drive is expected to boost the output phase voltage up to 150% 
of the input phase voltage in the linear modulation range.  
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1.6 Scope of Work 
 The work carried out in this thesis are mainly bounded by the following scopes: 
 A large part of the work deals with the formulation of switching strategies of 
the SVM. This involves the mathematical formulation of switching instants to increase 
the performance of the matrix converter. The first scope is to design the SVM for the 
three-to-seven phase matrix converter with reduced switching vectors. The second 
scope is to use the SVM to eliminate the common-mode voltage in an open-end motor 
driven by the dual three-to-five phase matrix converter. 
 The ideas are to be verified by MATLAB/Simulink simulation. In addition, to 
validate the simulation results, the experimental work is carried out. The experiments 
are done with matrix converter rated at approximately 5 kW (peak). The SVM 
algorithms are implemented on a digital signal processor platform. 
 
1.7 Thesis Organization 
The content of this thesis is divided into five chapters, including the 
Introduction. It is organized as follows: 
Chapter 2 is the literature review. It serves as the pre-requisite reading for the 
reader to follow through the thesis effectively. Thus it mainly focuses on the 
background information of the matrix converter topology, its characteristics and 
operation. It also describes the detail of the SVM modulation. Note that, since the 
nature of this work can be distinctly divided into two parts, the specific literature 
review and the definition of the research gaps (or the problem statements) are not 
formulated here; rather they are described in the respective chapter.  
Chapter 3 covers the SVM strategy for the five-to-seven phase matrix 
converter. It begins with a review on the previous modulation strategies for the SVM 
8 
 
 
 
published in the literature. From the review, the need for an improved SVM for the 
three-to-seven phase matrix converter is established. The complete space vector model 
for the converter is developed. Hence, the proposed idea of the switching vector 
reduction is analyzed. The concept is verified by using the MATLAB/Simulink. 
Finally, an experimental test rig is set up to validate the simulation results. 
Chapter 4 deals with the elimination of the common-mode voltage. The 
topology under study is the open-end five-phase induction motor fed by a dual matrix 
converter. Initially, the discussion revolves around the causes and the effects of the 
common-mode voltage on the drive performance. Then the SVM strategy to eliminate 
the common-mode voltage is proposed.  The idea is verified by simulation and 
validated by experiments. 
Chapter 5 draws the overall conclusion of the work and highlights its 
contribution to the research field. It also suggests some future research that can be 
taken up as continuation of this work.   
121 
 
 
 
 
REFERENCES 
1. Pawel Szczesniak (2013). Three-phase AC-AC Power Converters Based on 
Matrix Converter Topology. London, UK: Springer. 
2. Toliyat, H. A. and Campbell, S. (2004). DSP based Electromechanical Motion 
Control.  USA: CRC Press. 
3. Rodriguez, J., Rivera, M., Kolar, J. W. and Wheeler, P.W. (2012). A Review of 
Control and Modulation Methods for Matrix Converters. IEEE Trans. Ind. 
Electron, 59(1), 58-70. 
4. Wheeler, P.W., Rodriguez, J., Clare, J. C., Empringham, L. and Weinstein, A. 
(2002). Matrix Converters: A Technology Review. IEEE Trans. Ind. Electron, 
49(2), 276-288. 
5. Dujic, D., Grandi, G., Jones, M. and Levi, E. (2008). A Space Vector PWM 
Scheme for Multifrequency Output Voltage Generation With Multiphase 
Voltage-Source Inverters. IEEE Trans. Ind. Electron, 55(5), 1943-1955. 
6. Levi, E. (2008). Guest editorial. IEEE Trans. Ind. Electron, 55(5), 1891-1892. 
7. Levi, E. (2008). Multi-phase Machines for variable speed applications. IEEE 
Trans. Ind. Electron, 55(5), 1893-1909. 
8. Ahmed, S. M., Iqbal, A. and Abu-Rub, H. (2010). Carrier-based PWM technique 
of a novel three-to-seven-phase matrix converter. Proceedings of the 2010 IEEE 
ICEM. CD-ROM paper. 
9. Ahmed, S. M., Iqbal, A., Abu-Rub, H. and Khan, M. R. (2010). Space vector 
PWM technique for a novel three-to-five phase matrix converter. Proceedings of 
the 2010 IEEE ECCE. 1875-1880. 
10. Iqbal, A., Ahmed, S. M. and Abu-Rub, H.A. (2012). Space vector PWM 
technique for a three-to-five phase matrix converter. IEEE Trans. Ind. Appl, 
48(2), 697-707. 
11. Ahmed, S. M., Iqbal, A., Abu-Rub, H., Rodriguez, J. and Rojas, C. (2011). 
Simple carrier-based PWM technique for a three to nine phase matrix converter. 
IEEE Trans. Ind. Electron, 58(11), 5014-5023. 
 
122 
 
 
 
12. Ahmed, S. M., Iqbal, A. and Abu-Rub, H. (2011). Generalized Duty ratio Based 
Pulse Width Modulation Technique for a Three-to-k phase Matrix converter. 
IEEE Trans. Ind. Electron, 58(9), 3925-3937. 
13. Nguyen, T. D. and Lee, H. H. (2014). Dual Three-Phase Indirect Matrix 
Converter with Carrier-Based PWM Method.  IEEE Trans. Power Electron, 
29(2), 569-581. 
14. Cardenas, R., Juri, C., Pena, R., Wheeler, P. and Clare, J. (2012). The Application 
of Resonant Controllers to Four-Leg Matrix Converters Feeding Unbalanced or 
Nonlinear Loads. IEEE Trans. Power Electron, vol. 27(3), 1120-1129.   
15. Friedli, T. and Kolar, J. W. (2010). Comprehensive comparison of three phase 
ac–ac matrix converter and voltage dc-link back-to-back converter systems. 
Proceedings of the IEEE IPEC, 21-24 June. Sapporo, Japan: IEEE, 2789-2798. 
16. Casadei, D., Grandi, G., Rossi, C., Trentin, A. and Zarri, L. (2004). Comparison 
between back-to-back and matrix converters based on thermal stress of the 
switches. Proceedings of the IEEE ISIE, 4-7 May. Agaccio, France: IEEE, 1081-
1086. 
17. Escobar-Mejia, A., Stewart, C., Hayes, J. K., Ang, S. S., Balda, J. C. and 
Talakokkula, S. (2014). Realization of a Modular Indirect Matrix Converter 
System Using Normally Off SiC JFETs. IEEE Trans. Power. Electron, 29(5), 
2574-2583. 
18. Safari, S., Castellazzi, A. and Wheeler, P. (2014). Experimental and Analytical 
Performance Evaluation of SiC Power Devices in the Matrix Converter. IEEE 
Trans. Power. Electron, 29(5), 2584-2596. 
19. Shahbazi, M., Poure, P., Saadate, S. and Zolghadri, M. R. (2013). FPGA-Based 
Reconfigurable Control for Fault-Tolerant Back-to-Back Converter without 
Redundancy. IEEE Trans. Ind. Electron, 60(8), 3360-3371. 
20. Saeedifard, M., Iravani, R. and Pou, J. (2009). A Space Vector Modulation 
Strategy for a Back-to-Back Five-Level HVDC Converter System. IEEE Trans. 
Ind. Electron. 56(2), 452-466. 
21. Portillo, R. C., Prats, M. M., Leon, J. I., Sanchez, J. A., Carrasco, J. M., Galvan, 
E. and Franquelo, L. G. (2006). Modeling Strategy for Back-to-Back Three-
Level Converters Applied to High-Power Wind Turbines. IEEE Trans. Ind. 
Electron, 53(5), 1483-1491. 
123 
 
 
 
22. Metidji, B., Taib, N., Baghli, L., Rekioua, T. and Bacha, S. (2013). Novel Single 
Current Sensor Topology for Venturini Controlled Direct Matrix Converters. 
IEEE Trans. Power Electron, 28(7), 3509-3516. 
23. Chen, Q., Xiyou, C. and Ying, Q. (2013). Carrier-Based Randomized Pulse 
Position Modulation of an Indirect Matrix Converter for Attenuating the 
Harmonic Peaks. IEEE Trans. Power Electron, 28(7), 3539-3548. 
24. Huber, L. and Borojevic, D. (1995). Space vector modulated three-phase to three-
phase matrix converter with input power factor correction. IEEE Trans. Ind. 
Appl, 31(6), 1234-1246. 
25. Fang, G. and Iravani, M. R. (2007). Dynamic Model of a Space Vector 
Modulated Matrix Converter. IEEE Trans. Power. Delivery, 22(3), 1696-1705. 
26. Lee, M. Y., Wheeler, P. and Klumpner, C. (2010). Space-Vector Modulated 
Multilevel Matrix Converter. IEEE Trans. Ind. Electron, 57(10), 3385-3394. 
27. Wang, X., Lin, H., She, H. and Feng, B. (2012). A Research on Space Vector 
Modulation Strategy for Matrix Converter under Abnormal Input-Voltage 
Conditions. IEEE Trans. Ind. Electron, 59(1), 93-104. 
28. Rivera, M., Wilson, A.,  Rojas, C.A., Rodriguez, J., Espinoza, J. R., Wheeler, P. 
and Empringham, L. (2013). A Comparative Assessment of Model Predictive 
Current Control and Space Vector Modulation in a Direct Matrix Converter. 
IEEE Trans. Ind. Electron. 60(2), 578-588. 
29. Wang, J., Wu, B., Xu, D. and Zargari, N. R. (2013). Indirect Space-Vector-Based 
Modulation Techniques for High-Power Multimodular matrix Converters. IEEE 
Trans. Ind. Electron, 60(8), 3061-3071. 
30. Xiong, L., Loh, P. C., Wang, P., Blaabjerg, F., Tang, Y. and Alammar, E. A. 
(2013). Distributed Generation Using Indirect Matrix Converter in Reverse 
Power Mode. IEEE Trans. Power. Electron, 28(3), 1072-1082. 
31. Mei, S., Wang, H., Sun, Y., Yang, J., Xiong, W. and Liu, Y. (2013). AC/DC 
Matrix Converter with an Optimized Modulation Strategy for V2G Applications. 
IEEE Trans. Power. Electron, 28(12), 5736-5745.   
32. Yao, W., Hu, H. and Lu, Z. (2008). Comparisons of space-vector modulation and 
carrier-based modulation of multilevel inverter. IEEE Trans. Power. Electron, 
23(1), 45-51. 
124 
 
 
 
33. Bendre, A., Krstic, S., Meer, J. V. and Venkataramanan, G. (2005). Comparative 
evaluation of modulation algorithms for neutral- point-clamped converters. IEEE 
Trans. Ind. Appl, 41(2), 634-643. 
34. Lee, H. H. and Nguyen, H. M. (2013). An Effective Direct-SVM Method for 
Matrix Converters Operating With Low-Voltage Transfer Ratio. IEEE Trans. 
Power. Electron, 28(2), 920-929.   
35. Nguyen, T. D. and Lee, H. H. (2014). A New SVM Method for an Indirect Matrix 
Converter with Common-Mode Voltage Reduction. IEEE Trans. Ind. Inform, 
10(1), 61-72. 
36. Nguyen, T. D. and Lee, H. H. (2012). Modulation Strategies to Reduce Common-
Mode Voltage for Indirect Matrix Converters. IEEE Trans. Ind. Electron, 59(1), 
129-140. 
37. Erdem, E., Tatar, Y. and Sunter, S. (2005). Modeling and Simulation of Matrix 
Converter Using Space Vector Control Algorithm. Proceedings of the 
EUROCON, 21-24 November. Belgrade, Serbia: IEEE, 1228-1231. 
38. Casadei, D., Serra, G., Tani, A. and Zarri, L. (2002). Matrix converter modulation 
strategies: a new general approach based on space-vector representation of the 
switch state. IEEE Trans. Ind. Electron, 49(2), 370-381. 
39. Jussila, M. and Tuusa, H. (2007). Comparison of Simple Control Strategies of 
Space-Vector Modulated Indirect Matrix Converter Under Distorted Supply 
Voltage. IEEE Trans. Power. Electron, 22(1), 139-148. 
40. Alesina, A. and Venturini, M. (1989). Analysis and design of optimum amplitude 
nine-switch direct ac-ac converters. IEEE Trans. Power Electron, 4(1), 101-112. 
41. Cha, H. J. and Enjeti, P. N. (2003). An Approach to Reduce Common-Mode 
Voltage in Matrix Converter. IEEE Trans. Ind. Appl, 39(4), 1151-1159. 
42. Vargas, R., Ammann, U., Rodriguez, J. and Pontt, J. (2008). Predictive Strategy 
to Reduce Common-Mode Voltages on Power Converters. Proceedings of the 
IEEE PESC, 15-19 June. Rhodes: IEEE, 3401-3406. 
43. Barun, M. and Stahl, A. (2008). Enhancing the control range of a matrix 
converter with common mode free output voltage. Proceedings of the IEEE 
OPTIM. 189-195. 
44. Nguyen, N., Nguyen, T. and Lee, H. (2015). A Reduced Switching Loss PWM 
Strategy to Eliminate Common-Mode Voltage in Multilevel Inverters. IEEE 
Trans. Power Electron, 30(10), 5425-5438. 
125 
 
 
 
45. Duran, M. J., Riveros, J. A., Barrero, F., Guzman, H. and Prieto, J. (2012). 
Reduction of Common-Mode Voltage in Five-Phase Induction Motor Drives 
Using Predictive Control Techniques. IEEE Trans. Ind. Appl, 48(6), 2059-2067. 
46. Kumar, P., Rajeevan, P. P., Mathew, K., Gopakumar, K., Leon, J. I. and 
Franquelo, L. G. (2014). A Three-Level Common-Mode Voltage Eliminated 
Inverter With Single DC Supply Using Flying Capacitor Inverter and Cascaded 
H-Bridge. IEEE Trans. Power Electron, 29(3), 1402-1409. 
47. Renge, M. M. and Suryawanshi, H. M. (2008). Five-Level Diode Clamped 
Inverter to Eliminate Common Mode Voltage and Reduce in Medium 
Voltage Rating Induction Motor Drives. IEEE Trans. Power Electron, 23(4), 
1598-1607. 
48. Xiang, W., Guojun, T., Zongbin, Y., Yi, L. and Shizhou, X. (2016). Optimized 
Common-Mode Voltage Reduction PWM for Three-Phase Voltage-Source 
Inverters. IEEE Trans. Power Electron, 31(4), 2959-2969. 
49. Basu, K. and Mohan, N. (2014). A Single-Stage Power Electronic Transformer 
for a Three-Phase PWM AC/AC Drive with Source-Based Commutation of 
Leakage Energy and Common-Mode Voltage Suppression. IEEE Trans. Ind. 
Electron, 61(11), 5881-5893. 
50. Liu, Y. and Luo, F. L. (2008). Trinary Hybrid 81-Level Multilevel Inverter for 
Motor Drive with Zero Common-Mode Voltage. IEEE Trans. Ind. Electron, 
55(3), 1014-1021. 
51. Espina, J., Ortega, C., Lillo, L., Empringham, L., Balcells, J. and Arias, A. 
(2014). Reduction of Output Common Mode Voltage Using a Novel SVM 
Implementation in Matrix Converters for Improved Motor Lifetime. IEEE Trans. 
Ind. Electron, 61(11), 5903-5911. 
52. Kalaiselvi, J. and Srinivas, S. (2014). Bearing Currents and Shaft Voltage 
Reduction in Dual-Inverter Fed Open-End Winding Induction Motor with 
Reduced CMV PWM Methods. IEEE Trans. Ind. Electron, 62(1), 144-152. 
53. Duran, M. J., Prieto, J., Barrero, F., Riveros, J. A. and Guzman, H. (2013). Space-
Vector PWM with Reduced Common-Mode Voltage for Five-Phase Induction 
Motor Drives. IEEE Trans. Ind. Electron, 60(10), 4159-4168. 
126 
 
 
 
54. Duran, M. J., Prieto, J. and Barrero, F. (2013). Space Vector PWM With Reduced 
Common-Mode Voltage for Five-Phase Induction Motor Drives Operating in 
Overmodulation Zone. IEEE Trans. Power Electron, 28(8), 4030-4040.   
55. Bobo, N., Jones, M. and Levi, E. (2014). A Space Vector PWM With Common-
Mode Voltage Elimination for Open-End Winding Five-Phase Drives With a 
Single DC Supply. IEEE Trans. Ind. Electron, 61(5), 2197-2207.  
56. Bobo, N., Levi, E. and Jones, M. (2013). Investigation of Carrier-Based PWM 
Techniques for a Five-Phase Open-End Winding Drive Topology. IEEE Trans. 
Ind. Electron, 60(5), 2054-2065. 
57. Jones, M., Patkar, F. and Levi, E. (2013). Carrier-based pulse-width modulation 
techniques for asymmetrical six-phase open-end winding drives. IET Elect. 
Power Appl, 7(6), 441-452.   
58. Levi, E., Satiawan, I. N. W., Bobo, N. and Jones, M. (2012). A Space-Vector 
Modulation Scheme for Multilevel Open-End Winding Five-Phase Drives. IEEE 
Trans. Energy Conv, 27(1), 1-10.   
59. Mondal, G., Sivakumar, K., Ramchand, R., Gopakumar, K. and Levi, E. (2009). 
A Dual Seven-Level Inverter Supply for an Open-End Winding Induction Motor 
Drive. IEEE Trans. Ind. Electron, 56(5), 1665-1673. 
60. Vargas, R., Rodriguez, J., Rojas, C. A. and Rivera, M. (2014). Predictive Control 
of an Induction Machine Fed by a Matrix Converter with Increased Efficiency 
and Reduced Common-Mode Voltage. IEEE Trans. Energy. Conv, 29(2), 473-
485. 
61. Riedemann, J., Pena, R., Cardenas, R., Clare, J., Wheeler, P. and Rivera, M. 
(2013). Common mode voltage and zero sequence current reduction in an open-
end load fed by a two output indirect matrix converter. Proceedings of the EPE. 
1-9. 
62. Somani, A., Gupta, R. K., Mohapatra, K. K. and Mohan, N. (2013). On the 
Causes of Circulating Currents in PWM Drives With Open-End Winding AC 
Machines. IEEE Trans. Ind. Electron, 60(9), 3670-3678.  
63. Rzasa, J. (2013). Research on dual matrix converter feeding an open-end-
winding load controlled with the use of rotating space vectors. Proceedings of 
the IEEE IECON. 4919-4924. 
127 
 
 
 
64. Rzasa, J. and Garus, G. (2013). Research on dual matrix converter feeding an 
open-end-winding load controlled with the use of rotating space vectors. 
Proceedings of the IEEE IECON. 4925-4930. 
65. Gupta, R. K., Mohapatra, K. K., Somani, A. and Mohan, N. (2010). Direct-
Matrix-Converter-Based Drive for a Three-Phase Open-End-Winding AC 
Machine with Advanced Features. IEEE Trans. Ind. Electron, 57(12), 4032-
4042.  
66. Gupta, R. K., Mohapatra, K. K., Somani, A. and Mohan, N. (2010). Space vector 
PWM for a direct matrix converter based open-end winding ac drives with 
enhanced capabilities. Proceedings of the IEEE APEC. 901-908. 
67. Mohapatra, K. K. and Mohan, N. (2006). Open-End Winding Induction Motor 
Driven With Matrix Converter for Common-Mode Elimination. Proceedings of 
the IEEE PEDES. 1-6. 
68. Tewari, S., Gupta, R. K. and Mohan, N. (2011). Three-level indirect matrix 
converter based open-end winding AC machine drive. Proceedings of the IEEE 
IECON. 1636-1641. 
69. Baranwal, R., Basu, K. and Mohan, N. (2015). Carrier based implementation of 
SVPWM for dual two level VSIs and dual matrix converters with zero common 
mode voltage. IEEE Trans. Power Electron, 30(3), 1471-1487. 
70. Wheeler, P., Clare, J., Empringham, L., Apap, M. and Blend, M. (2003). Matrix 
converters. Seminar on IEE IET. 1-12. 
71. Sahoo, A. K., Meenakshi, J., Dash, S. S. and Thyagarajan, T. (2007). Analysis 
and simulation of matrix converter using PSIM. Proceedings of the IEEE 
International conference on power electronics (ICPE). 414-419. 
72. Casadei, D., Serra, G., Trentin, A., Zarri, L. and Calvini, M. (2005). Experimental 
analysis of a matrix converter prototype based on new IGBT modules. 
Proceedings of the IEEE ISIE.559-564. 
73. Taib, N., Metidji, B., Rekioua, T. and Francois, B. (2012). Novel Low-Cost Self-
Powered Supply Solution of Bidirectional Switch Gate Driver for Matrix 
Converters. IEEE Trans. Ind. Electron, 59(1), 221-219. 
74. Motto, E. R., Donlon, J. F., Tabata, M., Takahashi, H., Yu, Y. and Majumdar, G. 
(2004). Application characteristics of an experimental RB-IGBT (reverse 
blocking IGBT) module. Proceedings of the IEEE Industry Applications 
Conference (IAS). 1540-1544. 
128 
 
 
 
75. Matti Jussila (2007). Comparison of Space Vector Modulated Direct and Indirect 
Matrix Converters in Low-Power Applications.  Ph. D thesis, Tampere 
University of Technology, Finland.   
76. Abu-Rub, H., Malinowski, M. and Al-Haddad, K. (2014). Power Electronics for 
Renewable Energy Systems, Transportation and Industrial Applications. United 
Kingdom: Wiley Press. 
77. Chai, M., Xiao, D., Dutta, R. and Fletcher, J. E. (2016). Space Vector PWM 
Techniques for Three-to-Five Indirect Matrix Converter in the Overmodulation 
Region. IEEE Trans. Ind. Electron, 63(1), 550-561. 
78. Sayed, M. A. and Iqbal, A. (2016). Pulse width modulation technique for a three-
to-five phase matrix converter with reduced commutations. IET Power Electron, 
9(3), 466-475. 
79. Luca Zarri (2007). Control of Matrix Converters. PhD thesis, University of 
Bologna, Italy.   
80. Ahmed, S. M., Iqbal, A., Abu-Rub, H., Saleh, M. and Kalam, A. (2013). Vector 
control of a five-phase induction motor supplied by a non-square 3 x 5 phase 
matrix converter. Australian Journal of Electrical & Electronics Engineering 
(AJEEE), 10(1), 55-63. 
81. Ahmed, S. M., Iqbal, A., Abu-Rub, H., Khan, M. R. and Payami, S. (2013). A 
three to five phase matrix converter based five phase induction motor drive 
system. Int. Journal in Recent Trends in Engineering and Technology, IJRTE, 
8(2). 
82. Saleh, M., Iqbal, A., Ahmed, S. M., Kalam, A. and Abu-Rub, H. (2010). Carrier-
based pulse width modulation technique for a three-to-five phase matrix 
converter for supplying five-phase two-motor drives. Int. Journal of Engineering, 
Science and Technology (IJEST), 2(10), 67-78. 
83. Saleh, M., Iqbal, A., Ahmed, S. M. and Kalam, A. (2012). Matrix converter based 
five-phase series-connected two-motor drive system. Proceedings of the 22nd 
Australasian Universities Power Engineering Conference (AUPEC), 26-29 
September. Bali, Indonesia, 1-6.  
84. Saleh, M., Iqbal, A., Ahmed, S. M., Abu-Rub, H. and Kalam, A. (2011). Carrier 
Based PWM Technique for a Three-to-Six Phase Matrix Converter for Supplying 
Six-phase Two-motor Drives. Proceedings of the IEEE IECON, 7-10 November. 
Australia, 3470-3475. 
129 
 
 
 
85. Wilson, J. (1978). The force-commutated inverter as a regenerative rectifier. 
IEEE Trans. Ind. Appl, 14, 335-340. 
86. Lipo, T. A. (1988). Recent progress in the development of solid-state AC motor 
drives. IEEE Trans. Power Electron, 3, 105-117. 
87. Mohan, N., Undeland, T. M. and Robbins, W. P. (1994). Power Electronics; 
converters, applications and design. (2nd ed.) New York, USA. John Wiley & 
Sons.  
88. Kazmierkowski, M. P., Krishnan, R. and Blaabjerg, F. (2002). Control in power 
electronics: selected problems. California, USA: Academic Press. 
89. Arrilaga, J. and Watson, N. R. (2003). Power system harmonics. (2nd ed.) West 
Sussex, UK: John Wiley & Sons. 
90. Enjeti, P. N., Ziogas, P. D. and Lindsay, J. F. (1991). A current source PWM 
inverter with instantaneous current control capability. IEEE Trans. Ind. Appl, 
27(3), 707-713. 
91. M. Salo (2002). Microcontroller based control of current source PWM converter 
applications. PhD Thesis, Tampere University of Technology, Finland. 
92. L. Gyugyi (1970). Generalized theory of static power frequency changers. PhD 
Thesis, University of Salford, UK. 
93. Gyugyi, L. and Pelly, B. R. (1976). Static power frequency changers; theory, 
performance and application. New York, USA. John Wiley & Sons. 
94. Gili, C., Lozano, G.D., Peres, A. and Oliveira, S. V. G. (2011). Experimental 
study of a direct matrix converter driving an induction machine. Proceedings of 
the Brazilian Power Electronics Conference (COBEP). 232-237. 
95. Homes, D. and Lipo, T. (1992). Implementation of a controlled rectifier using 
AC-AC matrix converter theory. IEEE Trans. Power Electron, 7(1), 240-250. 
96. Neft, C. and Schauder, C. (1992). Theory and desogn of a 30-hp matrix converter. 
IEEE Trans. Ind. Appl, 28(3), 546-551. 
97. Itoh, J., Sato, I., Odaka, A., Ohguchi, H., Kodachi, H. and Eguchi, N. (2005). A 
novel approach to practical matrix converter motor drive system with reverse 
blocking IGBT. IEEE Trans. Power Electron, 20(6), 1356-1363. 
98. Muroya, M., Shinohara, K., Limori, K. and Sako, H. (2001). Four-step 
commutation strategy of PWM rectifier of converter without DC link 
components for induction motor drive. Proceedings of the IEEE International 
Conference on Electric Machines and Drives. (IEMDC). 770-772.  
130 
 
 
 
99. Xing-He, M., Gua-Jun, T., Xiao-Ian, W., Yong-li, F., Xiao, Z. and Yao-fei, H. 
(2007). Research on Improved Four-step Commutation Strategy of Matrix 
Converter Based on Two Line Voltage Synthesis. Proceedings of the 2nd 
International conference on Innovative Computing, Information and control 
(ICICIC). 
100. Baranwal, R., Basu, K., Sahoo, A. K. and Mohan, N. (2015). A modified four-
step commutation to suppress common-mode voltage during commutations in 
open-end winding matrix converter drives. Proceedings of the IEEE Energy 
Conversion Congress and Exposition (ECCE). 4455-4462. 
101. Wheeler, P., Clare, J. and Empringham, L. (2004). Enhancement of matrix 
converter output waveform quality using minimized commutation times, IEEE 
Trans. Ind. Electron, 51(1), 240-244. 
102. Ahmed, S. M., Abu-Rub, H., Salam, Z., Rivera, M. and Ellabban, O. (2014). 
Generalized Carrier Based Pulse Width Modulation Technique for a Three to n-
Phase Dual Matrix Converter. Proceedings of the IEEE IECON. 29 Oct- 1 Nov. 
Dallas, TX, USA. 3298-3304. 
103. Iqbal, A., Ahmed, S. M., Abu-Rub, H., Saleh, M. and Kalam, A. (2012). Carrier-
Based PWM Technique for a Three-to-Quasi Six Phase Matrix Converter, 
Australian Journal of Electrical & Electronics Engineering (AJEEE), 9(3), 295-
304. 
104. Ahmed, S. M., Abu-Rub, H. and Salam, Z. (2013). Carrier Based Pulse Width 
Modulation Control of a Non-Square Direct Matrix Converter with Seven-phase 
Input and Three-phase Output, Int. Journal of Power Electronics and Drive 
Systems (IJPEDS), 3(3), 344-350. 
105. Ahmed, S. M., Abu-Rub, H. and Iqbal, A. (2012). Pulse Width Modulation 
Control of a Direct AC-AC Power Converter with Five-phase Input and Three-
phase Output. Int. Journal of Automation and Power Engineering (IJAPE), 1(8), 
186-192. 
106. Jaiswal, J. L., Biswas, A. and Agarwal, V. (2012). Implementation of Single 
phase matrix converter as generalized single phase converter. Proceedings of the 
Int. Conference on Power, Control and Embedded Systems (ICPCES).  
107. Nguyen, M., Jung, Y., Lim, Y. and Kim, Y. (2010). A Single-Phase Z-Source 
Buck–Boost Matrix Converter, IEEE Trans. Power Electron, 25(2), 453-462. 
131 
 
 
 
108. Gujarathi, P. K., Mohite, S. B. and Deshmukh, B. T. (2007). A novel single phase 
multimode matrix converter. Proceedings of the Int. Conference on Information 
and Communication Technology in Electrical Sciences (ICTES 2007), 196-199.  
109. Holmes, G. D. and Lipo, T. A. (2003). Pulse Width Modulation for Power 
Converters-Principle and Practice. Piscataway, NJ: Wiley. 
110. Holtz, J. (1992). Pulsewidth modulation-A survey. IEEE Trans. Ind. Electron, 
39(5), 410-420. 
111. Wang, B. and Venkataramanan, G. (2006). A carrier-based PWM algorithm for 
indirect matrix converters. Proceedings of the IEEE-PESC. 2780–2787. 
112. Yoon, Y. and Sul, S. (2006). Carrier-based modulation technique for matrix 
converter. IEEE Trans. Power Electron, 21(6), 1691-1703. 
113. Loh, P. C., Rong, R., Blaabjerg, F. and Wang, P. (2009). Digital carrier 
Modulation and Sampling Issues of Matrix Converter. IEEE Trans. Power 
Electron, 24(7), 1690-1700. 
114. Khan, M. A., Iqbal, A. and Ahmed, S. M. (2011). Space Vector Pulse Width 
Modulation Scheme for a Seven-Phase Voltage Source Inverter. Int. Journal of 
Power Electronics and Drive System (IJPEDS), 1(1), 7-20. 
115. Ahmed, S. M., Abu-Rub, H. and Salam, Z. (2014). Investigation of Space Vector 
Modulated Dual Matrix Converters Feeding a Seven Phase Open-end Winding 
Drive.  Proceedings of the IEEE IECON. 29 Oct-1 Nov. Dallas, TX, 3305-3310. 
116. Ahmed, S. M., Abu-Rub, H. and Salam, Z. (2014). Space Vector Control of Dual 
Matrix Converters Based Five-phase Open-end Winding Drive. Proceedings of 
the IEEE Conference on Energy Conversion. 13-14 Oct. Johor Bahru, Malaysia, 
348-353.  
117. Ahmed, S. M., Abu-Rub, H., Salam, Z. and Kouzou, A., (2013). Space Vector 
PWM Technique for a Novel Three-to-Seven Phase Matrix Converter. 
Proceedings of the IEEE IECON. 10-13 Nov. Vienna, Austria, 4947-4952. 
118. Ahmed, S. M., Abu-Rub, H., Salam, Z. and Iqbal, A. (2013). Space Vector PWM 
Technique for a Direct Five-to-Three-Phase Matrix Converter. Proceedings of 
the IEEE IECON. 10-13 Nov. Vienna, Austria, 4941-4946. 
119. Abdelrahim, O., Abu-Rub, H. and Ahmed, S. M. (2013). Space vector PWM for 
a five to three matrix converter. Proceedings of the IEEE Applied Power 
Electronics Conference and Exposition (APEC). 17-21 Mar. Long Beach, 
California, 3246-3250.  
132 
 
 
 
120. Singh, G.K. (2002). Multi-phase induction machine drive research – a survey. 
Electric Power System Research, 61, 139-147. 
121. Jones, M. and Levi, E. (2002). A literature survey of state-of-the-art in multiphase 
ac drives. Proceedings of the Power Eng. Conf. UPEC. Stafford, UK, 505-510. 
122. Bojoi, R., Farina, F., Profumo, F. and Tenconi. (2006). Dual three induction 
machine drives control-A survey. IEEJ Tran. Ind. Appl, 126(4), 420-429. 
123. Levi, E., Bojoi, R., Profumo, F., Toliyat, H.A. and Williamson, S. (2007). Multi-
phase induction motor drives-A technology status review. IET Elect. Power Appl, 
1(4), 489-516. 
124. Khan, M. A., Iqbal, A., Ahmed, S. M. and Hussain, Z. (2012). Analysis of 
Discontinuous Space Vector PWM Techniques for a Seven Phase Voltage 
Source Inverter. Int. Journal of Power Electronics and Drive System (IJPEDS), 
2(2), 203-218. 
125. Khan, M. A., Iqbal, A., Ahmed, S. M. and Abu-Rub, H. (2011). Voltage 
modulation technique for a five-phase VSI supplying Five-phase series 
connected two-motor drive. Journal of Elixir Power Electronics Engineering, 
1826-1832. 
126. Iqbal, A., Ahmed, S. M., Khan, M. A. and Abu-Rub, H. (2010). Generalised 
Simulation and Experimental implementation of space vector PWM techniques 
of a three-phase voltage source inverter. Int. Journal of Engineering, Science and 
Technology (IJEST), 2(1), 1-12. 
127. Iqbal, A., Khan, M. A., Ahmed, S. M., Khan, R. and Abu-Rub, H. (2009). 
Analysis of Discontinuous space vector PWM Techniques for a Five-phase 
voltage source inverter. Int. Journal of Recent Trends in Engineering, 2(5), 222-
226. 
128. Ahmed, S. M., Abu-Rub, H. and Salam, Z. (2014). Model Predictive Control of 
a Direct Three-to-Seven Phase matrix Converter. Proceedings of the IEEE 
Energy Conversion Congress & Expo (ECCE). Pittsburgh, PA, USA, 1059-1063. 
129. Ahmed, S. M., Salam, Z. and Abu-Rub, H. (2015). Improved Space Vector 
Modulation for Three-to-Seven Phase Matrix Converter with Reduced Number 
of Switching Vectors. IEEE Trans. Ind. Electron, 62(6), 3327-3337. 
130. Ahmed, S. M., Abu-Rub, H. and Salam, Z. (2015). Common-mode Voltage 
Elimination in a Three-to-Five Phase Dual Matrix Converter Feeding a Five 
133 
 
 
 
Phase Open-end Drive Using Space Vector Modulation Technique. IEEE Trans. 
Ind. Electron, 62(10), 6051-6063. 
131. Ahmed, S. M., Abu-Rub, H., Salam, Z. and Iqbal, A. (2014). Dual Matrix 
Converters Based Seven-Phase Open-end Winding drive. Proceedings of the 
IEEE ISIE. 1-4 June. Istanbul, Turkey, 2105-2110. 
132. Baranwal, R., Basu, K. and Mohan, N. (2014). An alternative carrier based 
implementation of Space Vector PWM for dual matrix converter drive with 
common mode voltage elimination. Proceedings of the IEEE IECON. 29 Oct – 1 
Nov. Dallas, TX, 1208-1213. 
133. Ahmed, S. M., Salam, Z. and Abu-Rub, H. (2014). Common-mode Voltage 
Elimination in a Three-to-Seven Phase Dual Matrix Converter Feeding a Seven 
Phase Open-end Induction Motor. Proceedings of the IEEE CENCON. 13-14 
October. Johor Bahru, Malaysia, 207-212. 
134. Iqbal, A., Ahmed, S. M., Abu-Rub, H. and Alammari, R. (2013). PWM scheme 
for dual matrix converters based five-phase open-end winding drive. 
Proceedings of the IEEE ICIT. 25-28 May. Cape town, South Africa, 1686-1690.  
135. Cardenas, R., Juri, C., Pena, R., Wheeler, P. and Clare, J. (2012). The Application 
of Resonant Controllers to Four-Leg Matrix Converters Feeding Unbalanced or 
Nonlinear Loads. IEEE Trans. Power Electron, 27(3), 1120-1129.   
136. Levi, E., Jones, M. and Vukosavic, S. N. (2006). A series-connected two-motor 
six-phase drive with induction and permanent magnet machines. IEEE Trans. 
Energy conv, 21(1), 121-129. 
137. Jones, M., Vukosavic, S. N. and Levi, E. (2009). Parallel-Connected Multiphase 
Multidrive Systems With Single Inverter Supply. IEEE Trans. Ind. Electron, 
56(6), 2047-2057. 
138. Levi, E., Jones, M., Vukosavic, S. N. and Toliyat, H. (2008). Steady-State 
Modeling of Series-Connected Five-Phase and Six-Phase Two-Motor Drives. 
IEEE Trans. Ind. Appl, 44(5), 1559-1568. 
139. Li, F., Hua, W., Cheng, M. and Zhang, G. (2014). Analysis of Fault Tolerant 
Control for a Nine-Phase Flux-Switching Permanent Magnet Machine. IEEE 
Trans. Magnetics, 50(11). 
140. Lim, S., Min, S. and Hong, J. (2012). Low Torque Ripple Rotor Design of the 
Interior Permanent Magnet Motor Using the Multi-Phase Level-Set and Phase-
Field Concept. IEEE Trans. Magnetics, 48(2), 907-910.   
134 
 
 
 
141. Ahmed, S. M., Abu-Rub, H., Salam, Z. and Kouzou, A. (2013). Space vector 
PWM technique for a novel three-to-seven phase matrix converter. Proceedings 
of the IEEE IECON. Vienna, Austria, 4949-4954. 
142. Rahman, K., Iqbal, A., Abduallah, A. A., Alammari, R. and Abu-Rub, H. (2014). 
Space vector pulse width modulation scheme for three to seven phase direct 
matrix converter. Proceedings of the IEEE APEC. Texas, USA, 595-601. 
143. Casadei, D., Grandi, G., Serra, G. and Tani, A. (1993). Space vector control of 
matrix converters with unity input power factor and sinusoidal input/output 
waveforms. Proceedings of the Fifth European Conference on Power Electronics 
and Applications. 170-175. 
144. Shi, T., Huang, Q., Yan, Y. and Xia, C. (2014). Suppression of common mode 
voltage for matrix converter based on improved double line voltage synthesis 
strategy. IET Elect. Power Electron, 7(6), 1384-1395.   
145. Espina, J., Balcells, J., Arias, A. and Ortega, C. (2011). Common Mode EMI 
Model for a Direct Matrix Converter. IEEE Trans. Ind. Electron, 58(11). 5049-
5056. 
146. Liu, H., Yu, H. and Sun, L. (2013). Modulation Strategy to Reduce Common-
Mode Voltage for Three-to-Five Phase Indirect Matrix Converter. 
Communications in Computer and Information Science, 355, 28-36. 
147. Barater, D., Buticchi, G., Lorenzani, E. and Concari, C. (2014). Active Common-
Mode Filter for Ground Leakage Current Reduction in Grid-Connected PV 
Converters Operating With Arbitrary Power Factor. IEEE Trans. Ind. Electron, 
61(8), 3940-3950.  
148. Youngsang, B. and Rae-Young, K. (2014). Suppression of Common-Mode 
Voltage Using a Multicentral Photovoltaic Inverter Topology with Synchronized 
PWM. IEEE Trans. Ind. Electron, 61(9), 4722-4733. 
149. Lee, K., Blaabjerg, F. and Yoon, T. (2007). Speed-Sensorless DTC-SVM for 
Matrix Converter Drives with Simple Nonlinearity Compensation. IEEE Trans. 
Ind. Appl, 43(6), 1639-1649. 
150. Lee, K. and Blaabjerg, F. (2008). Sensorless DTC-SVM for Induction Motor 
Driven by a Matrix Converter Using a Parameter Estimation Strategy. IEEE 
Trans. Ind. Electron, 55(2), 512-521. Levi, E., Jones, M., Vukosavic, S. N. and 
Toliyat, H. (2004). A novel concept of a multiphase, multimotor vector 
135 
 
 
 
controlled drive system supplied from a single voltage source inverter. IEEE 
Trans. Power Electron, 19(2), 320-335. 
151. Iqbal, A. and Levi, E. (2005). Space vector modulation schemes for a five-phase 
voltage source inverter. Proceedings of the European conference on Power 
Electronics and Applications. 1-12. 
152. Levi, E., Jones, M., Vukosavic, S. N., Iqbal, A. and Toliyat, H. (2007). Modeling, 
Control, and Experimental Investigation of a Five-Phase Series-Connected Two-
Motor Drive with Single Inverter Supply. IEEE Trans. Ind. Electron, 54(3), 
1504-1516. 
153. Colonel Wm. T. Mclyman. (2004). Transformer and Inductor Design Handbook. 
USA: CRC Press. 
  
